Abstract. Considering the incomplete information in distribution network, this paper proposes a method of hosting capacity assessment for distributed photovoltaic (PV) generation integrated into distribution network considering demand response based on fusion of multiple data sources. Via integration of real-time data and historical data from power grid dispatching system, distribution automation system, distributed generation monitoring and control system, and electricity data and historical data from metering system, marketing system, load control system, the hosting capacity analysis model of the distributed generation is complete. Considering the load demand response ability in power system's voltage regulation based on the typical load characteristics, the hosting capacity of distribution network is analyzed, taking the limit value of voltage deviation and voltage fluctuation as the quantitative calculation, the safety index of short circuit current and branch current carrying capacity as the constraint. Finally, the experimental results from the actual distribution network reveal that, with the demand response participating in power system's voltage regulation, the distributed PV accommodation capacity of the distribution network has been significantly improved.
Introduction
As distributed photovoltaic (PV) generation usually connected to distribution network, the rapid development of grid-connected PV will bring great challenges to the safe operation of distribution network, such as overvoltage, voltage fluctuations and excessive power factor. So assessment of hosting capacity (maximum allowable capacity) for the distributed PV generation absorption capacity has become an important part of the development of distributed PV generation. Generally, the evaluation indexes mainly include voltage, load fluctuation and reverse power flow. The National Renewable Energy Laboratory (NREL) and Natural Resources Canada released three reports, and suggested the penetration of distributed generation reach 10%~20% [1] [2] [3] . Some scholars have obtained that the permeability can reach 50% by using reactive power compensation devices [4] or distributed energy storage system [5] . In summary, the hosting capacity is closely related to the structure and the operation of distribution network, and the timing sequence of load and generation. However, due to the lack of data acquisition coverage in distribution network, the model of distribution network is not comprehensive. On the other hand, the monitoring system, the energy management system, the distribution management system and the market operation system are mostly independent of each other, and the data cannot be shared, so the accuracy of the analysis model is affected. In this paper, a method of hosting capacity assessment for distributed PV generation integrated into distribution network considering demand response based on fusion of multiple data sources is proposed. Via integration of data from power grid monitoring and control systems, the hosting capacity assessment model of the distributed generation is complete. Then considering the load demand response ability in power system's voltage regulation based on the typical load characteristics, the hosting capacity of distributed PV generation for distribution network is analyzed.
Framework of Hosting Capacity Assessment for Distribute Generation
The scheme of distributed generation hosting capacity analysis is shown in Figure 1 . Firstly, according to the principle of data fusion based on Dempster-Shafer (D-S) evidence theory, the main grid model from energy management system (EMS) and the distribution network model from distribution network automation system (DNAS) are splicing to form an integrated model. At the same time, the comprehensive utilization of current and power data measured from acquisition system, dispatching system, quantity of electricity data, historical load data measured from marketing system, are used to complete the load model considering the demand response. Then the real-time measurement data and historical data from distributed generation monitoring and control system are used to complete the model of distributed PV generators. On this basis, considering the load demand response ability in power system's voltage regulation based on the typical load characteristics, the hosting capacity of distribution network is analyzed, taking the limit value of voltage deviation and voltage fluctuation as the quantitative calculation, the safety index of short circuit current and branch current carrying capacity as the constraint. 
Distribution Network Modeling Based on Fusion of Multiple Data Sources
The core data model of the hosting capacity assessment for the distributed generation includes grid structure data and operation data. The data model of grid structure is the general term of topological and device parameters of distribution network. The device parameters mainly describe the account information of all kinds of equipment in grid (including the parameter information needed for professional calculation), and the topological mainly refers to the connection relation of equipment. Operational data represents the operation state of the grid, such as data of load, photovoltaic, etc.
The main process of hosting capacity assessment includes load forecasting, distributed PV power generation timing analysis, power and electricity balance calculation, power flow calculation, etc. And the calculation cycle is one day.
Data Fusion Based on D-S Evidence Theory
Dempster-Shafer (D-S) evidence theory is an uncertain reasoning method, which can be regarded as the theory of making decision based on evidence.
Decision frame U is a complete set of all possible answers to a proposition. All elements in the set are mutually exclusive, and at any point the answer can only be one of the elements in the set.
The basic trust assignment function m, is a mapping from 2U -the power set of U-to [0,1]. Any subset of U is defined A, meet m (Ф)=0, Σm (A)=1, m(A) characterize the trust level of evidence in A.
The combination rules of D-S evidence theory, is to do orthogonal and arithmetic operations for two or more basic trust assignment m functions.
E1,E2 are two evidence under set U, m1, m2 are corresponding basic trust assignment functions, Ai, Bj are the focus elements, and the combination rules of D-S evidence theory are shown as formula (1) 1 2 ( ) ( )
reflects the degree of conflict between evidences, and the coefficient 1/ (1-K)
is a regularization factor. If K>=1, then called m1 and m2, orthogonal and nonexistent. In evidence theory, the evidence involved in the synthesis is independent of each other, which is difficult to apply in practice. Once the evidence conflicts, the results will be inconsistent with the facts.
The improvement of D-S evidence theory fusion method is as follows [8] : First, the original evidence is corrected and the credibility of the evidence is defined. Suppose there are n evidences and the absolute reliability of evidence i is Ri(i=1,2,…,n), then, the relative reliability of each evidence can be obtained by normalizing it. The credibility of evidence in this paper which is defined as formula (2) refers to the relative credibility. (1) is applied, and for the conflict part, the improved evidence combination rule is adopted to assign the local conflict among the focal elements. The improved rules of evidence combination are shown as formula (3):
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In summary, by using topology analysis, numerical analysis and related principle, the comprehensive utilization of real time measurement data and historical data are used to complete the distribution network model considering the load demand response and distributed PV generation, and then the accuracy can be effectively improved when analysis of distributed generation hosting capacity.
Distributed PV generation Hosting Capacity Assessment Considering Load Demand Response
Based on the above-mentioned distribution network model, and considering the load demand response ability in power system's voltage regulation, the hosting capacity of distributed PV generation for distribution network is analyzed as shown in Figure 2 , taking the limit value of voltage deviation and voltage fluctuation as the quantitative calculation, the safety index of short circuit current and branch current carrying capacity as the constraint. The calculation cycle is a natural day.
The timing characteristics are considered when calculating, and the detailed analysis steps are as follows.
1) Based on the method described in section 3, a distribution network analysis model is established.
2 (4), until obtain the maximum allowable capacity of PV in the distribution network. b) voltage regulation based on load demand response : the demand response capability in this paper mainly refers to the temperature regulation capacity of the refrigeration industry, such as large and medium-sized cold storage, as shown in figure 3 , Where, T e is evaporator temperature. T c is refrigerator temperature,°C. CS is compressor status (0 or 1)；T + is upper trigger temperature. T -is lower trigger temperature.
The strategy of demand response control is to correct the trigger temperature of refrigerator ( + ′ T , − ′ T ) within the acceptable range according to the dynamic change of voltage, as in (5). 
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Where, ∆T is the trigger temperature changes for the compressor, p f is trigger temperature changes when the voltage varies by 1 Volts. V meas is voltage measurement. V up is the high-limit of voltage.
T are corrected upper and lower trigger temperature.
Case study
The fusion object in this paper is a 20kV distribution network. The data of grid model mainly come from SCADA and DNAS. And the operational data mainly come from SCADA, distributed generation monitoring and control system, metering system, marketing system and load control system. The results of data fusion and complement of the grid model are shown in figure 4 . The analysis results of local photovoltaic power generation data show that the output of PV is random, and sometimes has great volatility. Therefore, when analyzing the hosting capacity, the model of distributed PV can take the fluctuation output curve and the maximum output curve as the typical power calculation scenarios, as in figure 5 .Through the collation and analysis of load data, the load model can take two boundary curves as typical load calculation scenarios, as in figure 6 . By regulating the compressor to achieve the load demand response control of the refrigeration industry, the adjustment range is shown as shadow in figure 6 . The results show that the load demand response can improve the hosting capacity of distributed PV, and with the increasing of demand response participation, the hosting capacity increases rapidly in the beginning, slowly in the middle, stable in the end. In this example the demand response adjustment ability can improve the hosting capacity of distributed PV by 20% at most.
Conclusions
1) Via integration of real-time and historical data from power grid dispatching system, distribution automation system, distributed generation monitoring and control system, and electricity data and historical data from metering system, marketing system, load control system, the hosting capacity analysis model of the distributed PV is optimized and the accuracy can be effectively improved.
2) Considering the load demand response ability in power system's voltage regulation based on the typical load characteristics, the hosting capacity of distributed PV is analyzed, taking the limit value of voltage deviation and voltage fluctuation as the quantitative calculation. The results reveal that, with the demand response participating in power system's voltage regulation, the distributed PV accommodation capacity of the distribution network has been significantly improved.
3) In future, considering the coordinated operation of generation, grid, load and storage, a more comprehensive assessment of hosting capacity of distributed generation in distribution network need to be explored in depth.
